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SEMICONDUCTOR DEVICE WITH TEST
CIRCUIT DISCONNECTED FROM POWER
SUPPLY CONNECTION

TECHNICAL FIELD

The present invention relates generally to the design and
manufacture of semiconductor devices, and more particu-
larly to on-chip test circuits for itegrated circuits.

BACKGROUND

Semiconductor devices are used 1n a variety of electronic
applications, such as computers, cellular phones, personal
computing devices, and many other applications. Home,
industrial, and automotive devices that 1n the past comprised
only mechanical components now have electronic parts that
require semiconductor devices, for example.

Semiconductor devices typically include several layers of
insulating, conductive and semiconductive materials that are
patterned to form integrated circuits. There may be a plu-
rality of transistors, memory devices, switches, conductive
lines, diodes, capacitors, logic circuits, and other electronic
components formed on a single die or chip. Semiconductor
technology has seen a trend towards miniaturization, to meet
the demands of product size reduction, improved device
performance, and reduced power requirements 1n the end
applications that semiconductors are used in, for example.

Semiconductor devices are typically subjected to many
tests throughout the manufacturing process to ensure that
their performance meets the device requirements, before
shipping them to the end customer. Some tests may be
extreme, 1n order to weed out devices with early life failures.
Tests 1n the industry include water sort, water acceptance
test (WAT), and burn-in tests (BIT), for example. In a water
sort, intact walers are tested to determine which of their die
are functional. Those that fail the test are marked with a drop
of nk and are eventually discarded. In some applications,
additional tests are required to ensure operation of the
devices at high temperatures and extreme conditions (e.g., 1n
automotive, military, or space applications).

One method of performing the tests on semiconductor
devices 1s by using external circuits 1n test equipment to tests
the integrated circuits. The tests may be performed by
contacting the leads of the device after packaging, e.g., by
plugging the packaged integrated circuits into specially
designed burn-in and test sockets, or by making electrical
contact to probe points, contact pads, or bond pads of the
semiconductor devices before and/or after die singulation
from the water and before or after packaging, as examples.

Some recent semiconductor device designs include on-
chip test circuits that are used to perform tests. These
on-chip test circuits may be used exclusively or 1n conjunc-
tion with external test circuits to perform a variety of tests
on the semiconductor devices before either shipping to an
end customer, and/or before packaging the devices, for
example.

A problem with on-chip test circuits 1s that because they
are connected to the power supply of the functional circuits
on the chip, and because they include transistors and other
clectronic components that have leakage current when con-
nected to a power source, they cause increased leakage
current of the semiconductor device even when the on-chip
test circuits are not 1n use, thus resulting 1n increased power
consumption for the semiconductor device.
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What 1s needed in the art 1s a method of forming an
on-chip test circuit that does not increase the leakage current
of semiconductor devices, and a structure thereotf.

SUMMARY OF THE INVENTION

These and other problems are generally solved or circum-
vented, and technical advantages are generally achieved, by
preferred embodiments of the present invention, which
provide novel disconnectable on-chip test circuits for inte-
grated circuits, and methods of manufacture thereot, that do
not increase the leakage current of itegrated circuits. The
novel on-chip test circuits are disconnected from the power
supply connection of the device aifter testing, to prevent
leakage current in the test circuits, and thus reduce the
amount of power required to operate the integrated circuait.

In accordance with a preferred embodiment of the present
invention, a method of manufacturing a semiconductor
device includes fabricating at least one first circuit on a
workpiece, the at least one first circuit being coupled to a
connection for a first power supply, and fabricating at least
one second circuit on the workpiece. The at least one second
circuit 1s connected to a second power supply. The first
power supply 1s activated, and the at least one first circuit 1s
tested. The at least one second circuit 1s then disconnected
from the second power supply.

In accordance with another preferred embodiment of the
present mvention, a semiconductor device includes at least
one first circuit and a connection for a first power supply
coupled to the at least one first circuit. The semiconductor
device includes at least one second circuit, wherein the at
least one second circuit 1s not coupled to the connection for
the first power supply.

Advantages of embodiments of the present invention
include reducing the power consumption of integrated cir-
cuits by reducing the amount of leakage current on the chip.
Because the test circuits are disconnected from the power
supply connection, when the integrated circuit 1s in opera-
tion, the test circuits are not coupled to the power supply and
thus do not have any leakage current. The test circuits may
be reconnected to a power supply at a later time, 11 desired,
and may be used to test the functional circuits again.
Embodiments of the invention are particularly advantageous
in memory applications, where a large number of test
circuits may be required, and also 1n low power or battery-
powered applications.

The foregoing has outlined rather broadly the features and
technical advantages of embodiments of the present inven-
tion 1n order that the detailed description of the mmvention
that follows may be better understood. Additional features
and advantages of embodiments of the mvention will be
described heremafter, which form the subject of the claims
of the mnvention. It should be appreciated by those skilled 1n
the art that the conception and specific embodiments dis-
closed may be readily utilized as a basis for modifying or
designing other structures or processes for carrying out the
same purposes of the present invention. It should also be
realized by those skilled in the art that such equivalent
constructions do not depart from the spirit and scope of the
invention as set forth i the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present mnven-
tion, and the advantages thereof, reference 1s now made to
the following descriptions taken in conjunction with the
accompanying drawings, in which:
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FIG. 1 shows a block diagram of a circuit 1in accordance
with a preferred embodiment of the present invention,
including a functional circuit and a test circuit coupled to a
power supply connection;

FIG. 2 shows an example of a test circuit shown in FIG.
1

FIG. 3 illustrates a schematic of an embodiment of the
present invention, wherein a test circuit 1s coupled to a test
pad contactable by a probe that supplies power to the test
circuit;

FIG. 4 shows another embodiment of the present inven-
tion, wherein a test circuit 1s coupled to a power supply
connection using fuses which are severed using a laser after
a Tfunctional circuit 1s tested;

FIG. 5§ shows the embodiment of FIG. 4 after the ftuses

have been blown or severed, disconnecting the test circuit
from the power supply connection;

FIG. 6 shows an optional embodiment of the present
invention that may be used 1n conjunction with the embodi-
ments shown in FIGS. 3, 4 and 5, wherein logic circuitry 1s
used to deactivate outputs of the test circuit; and

FIG. 7 shows the block diagram of FIG. 1 after the test
circuit has been disconnected from the power supply con-
nection 1 accordance with embodiments of the present
invention.

Corresponding numerals and symbols 1n the different
figures generally refer to corresponding parts unless other-
wise indicated. The figures are drawn to clearly illustrate the
relevant aspects of the preferred embodiments and are not
necessarily drawn to scale.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

The making and using of the presently preferred embodi-
ments are discussed 1n detail below. It should be appreciated,
however, that the present invention provides many appli-
cable mventive concepts that can be embodied 1n a wide
variety of specific contexts. The specific embodiments dis-
cussed are merely 1illustrative of specific ways to make and
use the mnvention, and do not limit the scope of the invention.

Memory semiconductor devices show continuously
increasing demands on transistor performance. This trend
drives the utilization of transistors with ever increasing
leakage currents. Also, there 1s a trend towards the use of
increasing numbers of transistors to implement more and
more complex tests and other semiconductor product fea-
tures 1 memory semiconductor devices. In combination,
these two trends create very high overall leakage currents of
semiconductor devices, which deleteriously aflects standby
low power operation. Embodiments of the present invention

address this problem and decrease leakage current of semi-
conductor devices.

In particular, one problem that 1s recognized and solved
herein 1s that logic circuit leakage current and test related
circuitry leakage current will be problematic in future
memory semiconductor products. The leakage current may
result 1n transistors from leakage through thinner gate oxide
materials, or leakage from the source to the drain, as
examples. Switching off or disabling on-chip test circuitry
and associated logic circuits does not reduce the leakage
current because the test and logic circuits remain connected
to the power supply connection; thus there 1s leakage current
through transistor channels and from source to drain of the
test circuits when power 1s applied to the memory device,
even when the device 1s 1n a standby mode.
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In some memory applications, such as dynamic random
access memory (DRAM) devices, about 50% of the surface
area of a single die comprises memory cells, and the other
50% comprises logic circuitry. Up to about 50% or greater
of the logic circuitry region, €.g., about 25% or greater of the
surface area of a die, may comprise test circuitry. Each test
circuit can experience leakage current: thus, leakage current
can be quite large 1n a DRAM device.

DRAM devices typically comprise an array ol memory
cells that are accessible by wordlines and bitlines. There
may be hundreds or thousands of tests that are performed on
a DRAM device by on-chip test circuitry. For example,
burn-in tests may involve testing a thousand or more DRAM
devices 1n parallel by applying elevated voltages to the
wordlines. The wordline voltage levels are artificially
increased to stress the chip to accelerate aging of the DRAM
device and discover early infancy failures. For example,
DRAM devices may be tested at 3.5 volts, whereas normal
voltages for operation may be 2.9 volts. Tests may be
performed at elevated temperatures, e.g., at 125 degrees C.
It shorts occur during such tests, the DRAM devices are
scrapped.

There are many other tests that are performed on DRAM
devices by on-chip test circuitry. The test circuitry may
include logic that 1s adapted to activate and compress the test
data, and read the data internally. The test circuits may
include test mode circuits and address pattern circuitry. The
test circuits may include pattern generators so that the
external testers do not have to supply data to the DRAM
devices during the test process. There may be ten or more
test modes and hundreds of different test results for a DRAM
device. In future DRAM designs, leakage currents from
these test circuits may be so high that they may strongly
allect the standby power of the memory devices.

Some test circuits are used, and other test circuits are not
used at all, betore DRAM devices are shipped to an end
customer. On-chip test circuits may be used later i1 parts are
returned, to analyze voltages and other parameters, to deter-
mine the cause of failure of a DRAM device. Test circuits
may be used to test die belore singulation or separation from
the water, or test circuits may be used after packaging of the
die, 1n a dedicated test sequence, for example.

Embodiments of the invention achieve technical advan-
tages by reducing or eliminating leakage currents on an
integrated circuit from on-chip test circuits, by disconnect-
ing the test circuits from the power supply bus or connec-
tion. During the normal operation of the integrated circuit,
the on-chip test circuits do not draw any leakage current,
because the test circuits are not connected to the power
supply of the integrated circuit or any other power supply.

Embodiments of the present imvention will next be
described with reference to a semiconductor memory
device. However, embodiments of the present invention also
have useful application 1n other types of semiconductor
devices that utilize on-chip test circuitry, or that include
circuits that are not used in the normal operation of semi-
conductor devices.

With reference now to FIG. 1, there 1s shown a block
diagram of a semiconductor device 100, also referred to
herein as an integrated circuit 100, in accordance with a
preferred embodiment of the present invention. The inte-
grated circuit 100 includes a functional circuit 102 and a test
circuit 104 that may be coupled to the functional circuit 102.
Only one functional circuit 102 and one test circuit 104 are
shown 1n the figures; however, there may be a plurality of
functional circuits 102 and a plurality of test circuits 104 on
a single integrated circuit 100. Preferably, at least one
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functional circuit 102 and at least one test circuit 104 are
formed on the integrated circuit 100. The integrated circuit
100 may comprise a die disposed on a semiconductor
workpiece (not shown), and a plurality of integrated circuits
100 may be formed on a single semiconductor workpiece.

To manufacture the semiconductor device 100, first, a
workpiece 1s provided. The workpiece typically comprises
silicon oxide over single-crystal silicon, for example. The
workpiece may include other conductive layers or other
semiconductor elements, e.g., transistors, diodes, etc. Com-
pound semiconductors such as GaAs, InP, S1/Ge, and SiC
may be used in place of silicon, for example.

The functional circuit 102 and the test circuit 104 are
tabricated on, over, or within the workpiece, or combina-
tions thereol. For example, one or more material layers may
be deposited, patterned using lithography, and/or doped to
form the functional circuit 102 and the test circuit 104. The
functional circuit 102 may comprise any type of circuit or
combinations of circuits. In one embodiment, the functional
circuit 102 preferably comprises a memory device, such as
a DRAM device, a magnetic random access memory
(MRAM) device, a static random access memory (SRAM)
device, or a ferroelectric random access memory (FRAM)
device, as examples, although alternatively, the functional
circuit 102 may comprise other types of memory devices.
The functional circuit 102 may also comprise a digital,
analog, or power device, as examples, although alterna-
tively, the functional circuit 102 may comprise other types
of circuits. The functional circuit 102 described herein 1s
only shown in FIG. 1 and FIG. 7; however, the test circuits
104 described and shown in FIGS. 3, 4, 5 and 6 may be
coupled to the functional circuit 102, as shown in FIGS. 1
and 7 (the functional circuit 102 1s not shown in FIGS. 3, 4,
5 and 6). The functional circuit 102 1s also referred to herein
as a first circuit, and the test circuit 104 1s also referred to
herein as a second circuit.

The functional circuit 102 may be coupled to the test
circuit 104 by a connection 108 which may comprise a
segment of conductive material 1n a conductive layer of the
integrated circuit 100, for example. The test circuit 104 1s
coupled to a connection 106 for a first power supply, or 1s
coupleable to a second power supply, by a disconnectable
circuit 110 or 150, which will be described further herein
with reference to FIGS. 3, 4 and 5. The functional circuit 102
may be coupled to the connection 106 for a first power
supply by a connection 111. The connection 111 may com-
prise a segment of conductive material 1n a conductive layer
of the mtegrated circuit 100, for example.

The first power supply 1s supplied externally to the
integrated circuit 100 through the connection 106 for the
first power supply by a connection for a lead, pin, or contact
pad (not shown) of the integrated circuit 100 during opera-
tion or testing of the integrated circuit 100, as examples. The
first power supply may comprise a voltage (VDD) of about
1 volt or less to about 15 volts, as examples, and a return
(such as a ground) at about 0 voltage or a negative value of
the voltage VDD, as examples, although the first power
supply may alternatively comprise other voltage levels and
returns. The first power supply may comprise a DC voltage
or an AC voltage, as examples, depending on the application
and the type of integrated circuit 100.

There 1s a distinction between the terms “power supply”™
and “connection for a power supply” used herein. The terms
“power supply” and “first power supply” are used inter-
changeably herein and refer to a DC or AC voltage that 1s
applied externally during test or operation to the integrated
circuit 100. The power supply 1s represented by “VDD” 1n
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FIGS. 3, 4 and 5. The terms “connection for a power supply”
or “connection for a first power supply” are used inter-
changeably herein. These terms as used herein refer to a
power bus that 1s adapted to be connected or coupled to the
power supply such as VDD. For example, an integrated
circuit 100 may comprise several metallization layers. The
connection 106 for the power supply shown in FIG. 1 may
be formed 1n one of the metallization layers of the integrated
circuit 100, e.g., the top metallization layer or other layer.
The comnection 106 for the power supply 1s electrically
coupled to the plurality of memory devices or functional
devices 102 on the integrated circuit 100. When the inte-
grated circuit 100 1s not 1n use, (e.g., not inserted into any
clectronic circuitry, placed in packages for shipping, or on a
shelf 1n storage), the power supply VDD 1s not connected to
the connection 106 for the power supply described herein.

The test circuit 104 may comprise a waler test logic
circuit 104, as shown 1n more detail 1n FIG. 2. The test
circuit 104 may comprise a pattern generator or other type
of test circuit 104, for example, although alternatively, the
test circuit 104 may comprise other types of circuits, such as
mode select circuits, address select circuits, logic circuits,
clock circuits, activation circuits, data compression circuits,
or burn-in test circuits, as examples. The test circuit 104 may
include a plurality of mputs 118, with an optional inverter
114 disposed at each mput 118, as shown. The test circuit
104 may include a plurality of outputs 120, with an inverter
116 optionally disposed at each output 120, as shown. A
logic circuit 112 or other circuit may be coupled between the
sets of mverters 114 and 116, as shown. The mnputs 118 and
outputs 120 may be coupled to the functional circuit 102
shown 1n FIG. 1, represented by connection 108, and/or may
be coupled to other on-chip test circuits 102 or contact pads
that may be accessed by test probes to make electrical
contact to external test circuitry, for example.

The test circuit 104 includes terminals to make electrical
connection to a power supply, such as a power supply
terminal 122 and a GND terminal 124, as shown. The power
supply terminal 122 of the test circuit 104 is also referred to
herein as a power supply mput 122. For the test circuit 104
to Tunction, the test circuit 104 must be connected to a power
source or supply VDD, e.g., at the power supply terminal
122. However, in accordance with embodiments of the
present invention, as shown in FIGS. 3, 4 and 3, the test
circuit 104 1s not directly coupled to the power supply, but
rather, the test circuit 104 1s coupled to a power supply by
a disconnectable circuit 110 or 150 that can be used to
disconnect the test circuit 104 from a power supply after the
functional circuit 102 has been tested, to be described further
herein.

Referring again to FIG. 1, 1n one embodiment, the func-
tional circuit 102 1s tested using the test circuit 104. In
another embodiment, the functional circuit 102 is tested by
either another on-chip test circuit, or by an external test
circuit (not shown), rather than by the test circuit 104 shown.
The test circuit 104 may comprise any circuit that 1s not
required during normal operation of the integrated circuit
100 (FIG. 1) that would be advantageous to remove from a
connection 106 to a power supply 1n order to reduce leakage
current.

FIG. 3 shows a schematic of an embodiment of the
present ivention, wherein a disconnectable circuit 110 1s
coupled to the test circuit 104 of FIG. 2. The disconnectable
circuit 110 comprises a test pad 132 for supplying power to
the test circuit 104. The power supply terminal 122 of the
test circuit 104 1s coupled to the test pad 132 that 1s adapted
to be contacted by a probe needle 134, for example. The




US 7,248,067 B2

7

probe needle 134 supplies the power (e.g., such as VDD or
other voltage) to the test circuit 104 when the test circuit 104
1s 1n use. The GND terminal 124 of the test circuit 104 is
coupled to ground GND, which 1s a return for the first power
supply VDD of the integrated circuit 100. When the test pad
132 1s not being contacted by a probe needle 134 supplying
power to the test circuit 104, the test circuit 104 1s not
powered, and leakage current cannot flow through the test
circuit 104.

The power supplied by the probe needle 134 is also
referred to herein as a second power supply. The second
power supply may comprise the same voltage as the first
power supply VDD in one embodiment, e.g., either at the
same voltage level supplied by a different source than the
source for the first power supply VDD, or supplied by the
same voltage source as the source for the first power supply
VDD. Alternatively, the second power supply may comprise
a different voltage level than the first power supply VDD, for
example.

The test pad 132 preferably comprises a metal or con-
ductive pad that 1s adapted to be contacted by a probe needle
134. The test pad 132 may comprise a dimension of a bond
pad of the itegrated circuit 100, e.g., about 100x100 um, or
alternatively, the test pad 132 may comprise smaller dimen-
s10ms, €.g., about 50x50 um or less.

The disconnectable circuit 110 may include an optional
bleeder device 130a or 1305, which may comprise a tran-
sistor, as shown at 130a, or alternatively, may comprise a
resistor, as shown at 1306 1in phantom. The bleeder device
130a or 130H 1s preferably a highly resistive component
having a resistance of several thousands or millions of ohms,
¢.g., preferably comprising about 1 M£2, although alterna-
tively, the bleeder device 130q or 1306 may comprise other
resistive values.

If the bleeder device comprises a transistor 130q, the
transistor 130q may comprise a field effect transistor (FET)
comprising a source S, a drain D and a gate G, for example,
although alternatively the transistor 130a may comprise
other types of transistors. The source S 1s preferably coupled
to the test pad 132, and the drain D 1s coupled to ground
GND. The gate G of the bleeder transistor 130a 1s coupled
to the connection 106 for the power supply VDD of the
integrated circuit 100. The bleeder transistor 130a 1s pret-
erably always “on.” The bleeder transistor 130a 1s overpow-
ered 11 a probe needle 134 1s applied to contact the test pad
132 and supplies a voltage. Because the bleeder transistor
130a 15 highly resistive, only a small amount of cross current
1s generated through the bleeder transistor 130a when the
probe needle 134 makes contact to the test pad 132. When
the probe needle 134 1s removed, the bleeder device 130a
stays on and drains down the probed structure to GND.

When the test pad 132 is not being contacted by a probe
needle 134 supplying power to the test circuit 104, the
bleeder transistor 130a prevents the voltage of the power
supply terminal 122 of the test circuit 104 from floating, by
bleeding the power supply terminal 122 of the test circuit
104 to ground GND. The bleeder transistor 130a ensures
that 11 the test pad 132 1s not connected to a probe needle
134, then the voltage at the test pad 132 will “bleed” down
to the GND level, such that the test pad 132 will be fixed to
GND 11 not contacted by the probe needle 134.

In the embodiment of the invention shown 1n FIG. 3, the
disconnection circuit 110 1s normally “off,” and the test
circuit 104 1s activated only when a probe needle 134 makes
contact to the test pad 132. This embodiment 1s advanta-
geous because later, if the test circuit 104 1s desired to be
used again to test the functional circuit 102, any subse-
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quently deposited 1nsulating or encapsulating material may
be scraped away or removed from over the test pad 132, e.g.,
alter parts are returned from the end customer to the manu-
facturer, so that the test circuit 104 may be used again.

If the bleeder device comprises a resistor 1305, as shown
in phantom, preferably, the resistor 1305 comprises a resis-
tance of about 1 M2 or greater, and 1s coupled between the
test pad 132 and ground GND, as shown. Again, the bleeder
device 1305 prevents the voltage level at the power supply
terminal 122 of the test circuit 104 from floating.

Although optional, preferably a bleeder device 130a or
1306 1s included in the disconnectable circuit 110. The
optional bleeder device 130a or 1305 provides stability for
the disconnectable circuit 110. Without a bleeder device
130a or 1305, electrostatic events or parasitic leakage paths
could potentially provide an unpredictable voltage level to
the “tloating supply” terminals or 1mputs of the test circuit
104, such that the test circuit 104 could function 1n an
undefined and/or unexpected manner.

FIG. 4 shows another embodiment of the present mnven-
tion, wherein a disconnectable circuit 150 comprises one or
more fuses 148 to connect a first power supply VDD to a test
circuit 104, and later, after tests are performed, the test
circuit 104 1s disconnected from the connection 106 to the
power supply VDD by blowing the fuses 148. The fuses 148
preferably comprise metal, and alternatively may comprise
polysilicon or other conductive matenal. The fuses 148 may
be part of a conductive structure 142 comprising a first
region 144, a second region 146, and the fuses 148, as
shown.

The first region 144 of the conductive structure 142
comprises a portion of a metallization layer or segment of
conductive material that 1s coupled to the power supply
terminal 122 of the test circuit 104, as shown. The second
region 146 of the conductive structure 142 may comprise a
strip of metal in the metallization layer for the first power
supply VDD and may 1n one embodiment comprise or be
coupled to the connection 106 (see FIG. 1) for the first power
supply VDD of the mtegrated circuit 100.

A third region 148 of the conductive structure 142 pret-
erably comprises one or more thin regions of a conductive
or semiconductive material that function as fuses and that
are coupled between the first region 144 and second region
146. The fuses 148 may be formed 1n a different metalliza-
tion layer than the second region 146, for example, and may
be electrically connected to the first region 144 and the
second region 146 by conductive vias or plugs within
isulating layers, between metallization layers. The third
region 148 preterably comprises a thin region of conductive
material that may be blown, severed or detached from the
first region 144 and second region 146, for example, by a
laser beam. The third region 148 is preferably formed 1n a
thin metallization layer, e.g., 1n a metallization layer that 1s
thinner than the metallization layer containing the connec-
ion 106 to the first power supply VDD, for example.

The fuses 148 are blown after the test circuit 104 1s used
to test a functional circuit 102, disconnecting the power
supply terminal 122 of the test circuit 104 from the connec-
tion 106 for the first power supply VDD. This type of fuse
148 1s referred to 1n the art as a ““laser fuse”, and 1s often used
in memory devices to disable non-functioming memory cells,
for redundancy repair, to trim voltage levels, and program
redundancy information, as examples. Preferably the fuses
148 comprise such a laser fuse, although alternatively, the
fuses 148 may comprise other types of fusable elements that
are normally shorted, and that are electrically ‘open’ after
the fuse 148 1s blown, for example.
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When the integrated circuit 1s powered on (e.g., VDD 1s
applied or activated by connecting power to the connection
106 for the first power supply VDD), and when the fuses 148
are left intact and have not been broken or “blown”, the fuses
148 make electrical connection between the first region 144
and the second region 146 of the conductive structure 142,
which 1s coupled to VDD, and thus, the test circuit 104 1s
powered at the power supply terminal 122.

The disconnectable circuit 150 may comprise an optional
bleeder device 140a or 1405 that may comprise a transistor
140a or a resistor 1405, as shown 1n phantom 1n FIG. 4. The
optional bleeder devices 140aq and 14056 preferably comprise
similar devices and function similarly as bleeder devices
130a and 1305 described with reference to FIG. 3 herein.

If the bleeder device comprises a resistor 14056, preferably
the resistor 14056 1s coupled between the first region 144 of
the conductive structure 142 and ground GND. If the bleeder
device comprises a transistor 1405, the gate of the bleeder
transistor 140a 1s coupled to the connection 106 for the first
power supply VDD, and the drain of the bleeder transistor
140a 1s coupled to ground GND. The source S of the bleeder
transistor 140a 1s coupled to the first region 144 of the
conductive structure 142 that 1s coupled to the power supply
terminal 122 of the test circuit 104. The bleeder transistor
140a 1s preferably always “on.” Although optional, prefer-
ably a bleeder device 140a or 1406 1s used to prevent

uncertainty 1n the operation or function of the test circuit
104.

FIG. 5 shows the embodiment of FIG. 4 after the fuses
148 have been blown (e.g., using a laser), disconnecting the
test circuit 104 from the connection 106 for the first power
supply VDD, e.g., leaving spaces or gaps at 152. The
optional bleeder device 140a or 1406 keeps the power
supply terminal 122 of the test circuit 104 from floating and
prevents unpredictable function of the test circuit 104.

In the embodiment shown 1n FIGS. 4 and 5, the test circuit
104 1s unable to be used again after the fuses 148 have been
blown. However, the test circuit 104 or functional circuit
102 may be opened up at any location and probed, for
example.

FIG. 6 shows an optional logic circuit 160 that may be
implemented 1n either the embodiment shown 1n FIG. 3, or
the embodiment shown 1n FIGS. 4 and 3. If a bleeder device
130a, 1305, 140a, or 1405 1s not desired or 1s not used, the
optional logic circuit 160 can be used to protect the outputs
120 from floating, by setting the outputs 120 to a predeter-
mined state, e.g., either high or low, or alternatively, the
outputs 120 may be set to a tri-state, e.g., a high impedance
state, wherein the outputs 120 are highly resistive and do not
drive to any level. The appropriate state of the outputs 120
1s a function of the design of the use of the various signals
in the logic circuit 160. In the example shown 1n FIG. 6, the
outputs 162 are set to a high level 1t the signal “deactivate™
1s low.

For example, the logic circuit 160 may be coupled to the
outputs 120 of the test circuit 104, as shown 1n FIG. 6. The
logic circuitry 160 1s used to to set the outputs 162 nto a
defined state, keeping the outputs 162 of the logic circuitry
162 high, as an example, although alternatively, the outputs
162 may be set low, as another example. In the embodiment
shown, each output 120 of the test circuit 104 1s coupled to
a first input of a NAND gate, as shown. The second mput of
cach NAND gate 1s coupled to a “deactivate” signal, as
shown. The “deactivate” signal may then be used to set the
outputs 120 of the test circuit 140 to a predetermined state,
preventing outputs from accidentally interfering with overall
integrated circuit 100 logic operation. Alternatively, the

10

15

20

25

30

35

40

45

50

55

60

65

10

circuit 160 may comprise other circuit structures than can set
the outputs 162 of the circuit 160 to a predetermined state,
¢.g., nto a tri-state or highly resistive output mode.

The optional logic circuit 160 for deactivating the test
circuit outputs 120 shown in FIG. 6 1s advantageous when
implemented with the embodiment shown 1in FIG. 3, because
the test circuit 140 may be utilized later, if desired, using
addressing (e.g., a designated predetermined address) to
change the deactivate signal.

FIG. 7 shows the block diagram of FIG. 1, after the test
circuit 104 has been disconnected from the power supply

106 1n accordance with embodiments of the present mnven-
tion, using a test pad 132 (FIG. 3) or fuse 148 (FIGS. 4 and
5), preferably in combination either with a bleeder device

130a, 1305, (FIG. 3) 140qa, or 14056, (FIGS. 4 and 5) and/or
a logic circuit 160 (FIG. 6) coupled to the outputs 120 of the
test circuit 140.

In the embodiments described herein, the test circuit 104
1s used to test the functional circuit 102, and then the test
circuit 104 1s disconnected from the first power supply VDD
or second power supply provided by probe 134. However,
alternatively, the functional circuit 102 may comprise a {irst
circuit, and the test circuit 104 may comprise a second
circuit. The second circuit 104 may be used to test the first
circuit 102, or alternatively, the second circuit 104 may be
used for other purposes while the second circuit 104 1s
connected to the power supply VDD or power supply
provided by probe 134. For example, the second circuit 104
may be used as a temporary memory or storage function
while tests are performed on the first circuit 102 or other
circuits on the integrated circuit 100. However, at some
point before the manufacturing of the mtegrated circuit 100
1s completed, the second circuit 104 connection 106 to the
power supply 1s disconnected, using the embodiments of the
present invention described herein, by blowing fuses 148,
disconnecting the power supply terminal 122 of the second
circuit 104 from the connection 106 for the first power
supply VDD as described with reference to FIGS. 4 and 5,
or by removing the probe needle 134 supplying the second
power supply to the power supply terminal 122 of the second
circuit 104, as described with reference to FIG. 3.

In one embodiment, shown FIGS. 4 and 5, the discon-
nection ol the test circuit 104 from the power supply
connection 106 1s permanent and 1s 1irreversible. However, 1n
the embodiment shown 1n FIG. 3, the disconnection of the
test circuit 104 from power 1s reversible and may be reversed
either by the end user, or by the manufacturer to analyze
product defects or failures of returned integrated circuits
100, as examples. For example, power may be supplied to
the test circuit 104 using probes 134, or a predetermined
address may be used to activate the test circuit 104. Memory
devices such as DRAM devices, for example, are designed
and manufactured according to industry specifications such
as those set by the Joint FElectron Device Engineer Council
(JEDEC), which include definitions for particular sequences
to activate test modes. However, unused or undefined
addresses or sequences of a memory device may be utilized
to provide access to the test circuits 104 disconnected from
the power supply, for example.

Embodiments of the present mmvention are described
herein with reference to memory semiconductor devices.
However, embodiments of the present invention are also
usetul 1n other semiconductor device applications. The cir-
cuit 104 that 1s disconnected from the power supply con-
nection 1s described herein as a test circuit 104; however, the
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circuit 104 disconnected from the power supply connection
may also comprise logic or other types of circuitry, for
example.

Advantages of embodiments of the present invention
include reducing the power consumption of integrated cir-
cuits 100 by reducing the amount of leakage current in the
chip 100. Test circuits 104 are isolated after testing and
before the shipment of the end product, preventing leakage
current 1n the test circuits 104. Because the test circuits 104
are disconnected from the power supply connection 106,
when the integrated circuit 100 1s 1 operation, the test
circuits 104 are not coupled to the power supply VDD and
thus do not draw any leakage current. In one embodiment,
the test circuits 104 may be reconnected to a power supply
VDD at a later time 11 desired, and may be used to test the
functional circuits again. Embodiments of the invention are
particularly advantageous 1n memory applications, where a
large number of test circuits 104 may be required, and also
in low power or battery applications.

Although embodiments of the present invention and their
advantages have been described in detail, 1t should be
understood that various changes, substitutions and alter-
ations can be made herein without departing from the spirit
and scope of the invention as defined by the appended
claims. For example, 1t will be readily understood by those
skilled in the art that many of the {features, functions,
processes, and materials described herein may be varied
while remaining within the scope of the present invention.
Moreover, the scope of the present application 1s not
intended to be limited to the particular embodiments of the
process, machine, manufacture, composition of matter,
means, methods and steps described 1n the specification. As
one of ordinary skill in the art will readily appreciate from
the disclosure of the present invention, processes, machines,
manufacture, compositions of matter, means, methods, or
steps, presently existing or later to be developed, that
perform substantially the same function or achieve substan-
tially the same result as the corresponding embodiments
described herein may be utilized according to the present
invention. Accordingly, the appended claims are intended to
include within their scope such processes, machines, manu-
facture, compositions of matter, means, methods, or steps.

What 1s claimed 1s:
1. A method of testing a functional circuit, comprising:

providing a workpiece with the functional circuit and a
testing circuit disposed thereon, wherein the functional
circuit 1s coupled to and receives operating power from
a first power supply;

applying an operating voltage to the testing circuit for
providing operating power to said testing circuit;

testing the functional circuit with the testing circuit; and

removing the operating voltage from the testing circuit
after said functional circuit has been tested.

2. The method of claim 1, wherein applying the voltage to
the testing circuit comprises contacting a pad that 1s coupled
to a power supply terminal of the testing circuit with a probe
that 1s coupled to the voltage.

3. The method of claim 2, wherein removing the voltage
from the testing circuit comprises removing the probe from
contact with the pad.

4. The method of claim 1, wherein removing the voltage
from the testing circuit comprises applying a resistance
between the pad and a ground potential.

5. The method of claim 4, wherein the voltage 1s removed
through a transistor.
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6. The method of claam 1, wherein the workpiece also
includes a logic circuit that 1s coupled between the func-
tional circuit and the testing circuit, the method further
comprising:

setting one or more outputs of the logic circuit to a

predetermined state after the functional circuit has been
tested with the testing circuit.

7. The method of claim 1, wherein the operating voltage
applied to the testing circuit 1s provided by the first power
supply.

8. The method of claim 1, wherein the voltage applied to
the testing circuit 1s provided by a second power supply.

9. The method of claim 1, wherein providing the work-
piece comprises fabricating the functional circuit and the
testing circuit on the same semiconducting material.

10. The method of claim 1, wherein providing the work-
piece comprises fabricating the functional circuit and the
testing circuit on a single semiconductor die.

11. The method of claim 1, wherein the functional circuit
comprises a plurality of memory devices, and wherein
testing the functional circuit with the testing circuit com-
prises testing the plurality of memory devices 1n parallel.

12. The method of claim 1, wherein the functional circuit
comprises a plurality of logic devices, and wherein testing
the functional circuit with the testing circuit comprises
testing the plurality of logic devices in parallel.

13. The method according to claim 1:

applying a voltage to the testing circuit comprises apply-

ing a voltage to a power supply terminal of the testing
circuit;

removing the voltage from the testing circuit comprises

removing the voltage from the power supply terminal
by opening at least one fuse.

14. The method of claim 13, wherein opening the at least
one fuse comprises applying energy from a laser to the at
least one fuse.

15. The method of claam 13, wherein removing the
voltage from the testing circuit comprises applying a resis-
tance between the power supply terminal and a ground
potential.

16. The method of claim 15, wherein the resistance 1s
removed through a transistor.

17. The method of claam 13, wherein the workpiece
further includes a logic circuit coupled between the tunc-
tional circuit and the testing circuit, the method further
comprising;

setting one or more outputs ol the logic circuit to a

predetermined state after the functional circuit has been
tested with the testing circuit.

18. The method of claim 13, wherein the voltage applied
to the testing circuit 1s provided by the first power supply.

19. The method of claim 13, wherein the voltage applied
to the testing circuit 1s provided by a second power supply.

20. The method of claim 13, wherein providing the
functional circuit and the testing circuit on a workpiece
comprises fabricating the functional circuit and the testing
circuit on a same semiconducting material.

21. The method of claim 13, wherein providing the
functional circuit and the testing circuit on the workpiece
comprises fabricating the functional circuit and the testing
circuit on a die.

22. The method of claim 13, wherein the functional circuit
comprises a plurality of memory devices, and wherein
testing the functional circuit with the testing circuit com-
prises testing the plurality of memory devices 1n parallel.

23. The method of claim 13, wherein the functional circuit
comprises a plurality of logic devices, and wherein testing
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the functional circuit with the testing circuit comprises
testing the plurality of logic devices in parallel.

24. The method of claim 1, wherein testing the functional
circuit and removing the operating voltage from the testing
circuit comprises selectively coupling said operating voltage
to a power supply terminal of the testing circuit so that the
testing circuit can test the functional circuit when the voltage
1s coupled to the power supply terminal and removing said
operating voltage from said power supply terminal when the
functional circuit 1s not being tested by the testing circuit.

25. The method of claim 24, wherein selectively coupling
the voltage comprises receiving a probe at a probe pad of the
workpiece, the probe coupling the voltage to the contact pad,
wherein the testing circuit 1s capable of testing the functional
circuit when the voltage 1s coupled to the contact pad.

26. The method of claim 25, further comprising causing,
charge to bleed between the contact pad and a ground
connection.

27. The method of claim 26, wherein the charge 1s caused
to bleed through a transistor coupled between the contact
pad and the ground connection.

28. The method of claim 26, wherein the charge 1s caused
to bleed through a resistor coupled between the contact pad
and the ground connection.

29. The method of claim 25, the workpiece further
includes a logic circuit disposed thereon, the logic circuit
being coupled between the functional circuit and the testing,
circuit, the method further comprising:

setting one or more outputs of the logic circuit to a

predetermined state when the testing circuit 1s not
testing the functional circuat.

30. The method of claam 25, wherein the workpiece
comprises a semiconducting material.

31. The method of claam 25, wherein the workpiece
comprises a die.

32. The method of claim 25, wherein the functional circuit
comprises at least one memory device.

33. The method of claim 25, wherein the functional circuit
comprises at least one logic device.

34. The method of claim 24, wherein selectively coupling
said operating voltage comprises utilizing a fuse coupled
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between an operating voltage source and the power supply
terminal, wherein the functional circuit, the testing circuit
and the fuse are disposed on the workpiece.

35. The method of claim 24, wherein coupling said
operating voltage to the power supply terminal comprises
providing the operating voltage from a power supply dis-
posed on the workpiece.

36. The method of claim 24, wherein coupling the voltage

to the power supply terminal comprises providing the volt-
age from a second power supply, the second power supply
remote from the workpiece.

37. The method of claim 24, wherein removing the
voltage comprises blowing a fuse.

38. The method of claim 24, further comprising causing
charge to bleed between the contact pad and a ground
connection.

39. The method of claim 38, wherein the charge 1s caused
to bleed through a transistor coupled between the contact
pad and the ground connection.

40. The method of claim 38, wherein the charge 1s caused
to bleed through a resistor coupled between the contact pad
and the ground connection.

41. The method of claim 24, the workpiece further
includes a logic circuit disposed thereon, the logic circuit
being coupled between the functional circuit and the testing
circuit, the method turther comprising;:

setting one or more outputs of the logic circuit to a
predetermined state when the testing circuit 1s not
testing the functional circuit.

42. The method of claim 24, wherein the workpiece
comprises a semiconducting material.

43. The method of claam 24, wherein the workpiece
comprises a die.

44. The method of claim 24, wherein the functional circuit
comprises at least one memory device.

45. The method of claim 24, wherein the functional circuit
comprises at least one logic device.
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